INTRODUCTION
In the US, 306,000 hip fractures occurred in 2010. 1 By 2040, it is estimated there will be 500,000 hip fractures per year. 2 Most hip fractures occur among the elderly for whom complications are common and often life threatening. The morbidity and mortality associated with hip fractures is substantial, with reported mortality rates of 16% to 23% within 1 year after injury. [3] [4] [5] Although the incidence of hip fractures may be on the decline, the cost associated with the treatment of hip fractures, which is among the most costly orthopedic procedures, 6 continues to grow. 7, 8 The high morbidity, mortality, and cost associated [2] [3] [4] [5] [6] with hip fractures emphasizes the need to monitor the outcomes of these patients, identify risk factors associated with adverse events, and evaluate the comparative effectiveness of techniques and implants for this high-risk population. These opportunities for care improvement can significantly reduce morbidity and mortality associated with these events and can reduce cost. Patient registries are one potential tool for monitoring outcomes in a real-world setting. In orthopedic surgery, arthroplasty registries introduced in the 1970s have led to a reduction in revision rates by providing feedback to surgeons on specific implants and techniques. 9, 10 National arthroplasty registries have also been critical in early identification of defective implants, [11] [12] [13] including one of the most costly orthopedic recalls to date, the DePuy ASR hip system recall.
14 Although the US does not yet have a fully functional national arthroplasty registry, institutional and regional registries have contributed to increased patient safety, quality improvement, identification of clinical best practices, and cost reduction. 15, 16 Hip fractures are captured by arthroplasty registries in some European countries, [17] [18] [19] Australia, 12 New Zealand, 20 and Canada. 21 In countries such as Norway, 22 Sweden, 23 and the United Kingdom (UK), 24 dedicated hip fracture registries exist. These hip fracture registries monitor all procedures used to treat these events. [22] [23] [24] In the US, singleinstitution studies and large-scale administrative databases have provided data for evaluation of hip fracture outcomes. 25 Although these databases and claims data provide important information, some gaps in knowledge remain because these data sources contain limited detail, inaccurate codes, and unvalidated outcomes. To help fill this gap, Kaiser Permanente (KP), the largest US integrated health care system, developed the Hip Fracture Registry. The registry is intended to serve as a quality surveillance tool, and to monitor patients who undergo a surgical procedure because of a hip fracture.
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A Community-Based Hip Fracture Registry: Population, Methods, and Outcomes It includes information on patient characteristics, surgical procedures, morbidity and mortality, and characteristics of both the surgeon and the hospital. The purpose of this report is to provide an overview of the methods used by the KP Hip Fracture Registry and to describe the population and outcomes of patients registered during the first three years (2009) (2010) (2011) .
METHODS

Setting and Population
KP is an integrated health care system that covers more than 9.5 million individuals throughout 7 US geographic Regions. This integrated health care system provides medical services, owns hospitals, employs its clinicians, and provides patients with health insurance, ensuring a captured and stable population. Additionally, a comprehensive integrated electronic medical record (EMR) is used by the system (with full implementation in 2008), allowing monitoring of patients' activities using unique identifiers. The KP membership has been shown to be mostly demographically and socioeconomically representative of the largest geographic areas it covers. 26, 27 The registry's target population is patients with fractures of the femoral neck, intertrochanteric region, or subtrochanteric region, which comprise nearly all operative, low-energy, fragility-type fractures in the elderly population. Pelvic, acetabular, distal femur, and shaft fractures are not included in the Hip Fracture Registry. This report describes patient information ascertained between January 2009 and December 2011.
Data Collection Procedures
The Hip Fracture Registry identifies relevant hip fracture cases using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), diagnostic and procedure codes recorded into KP's EMR and administrative claims. All data are extracted electronically on a quarterly schedule and sent to a data repository for data management, validation, and reporting. The Hip Fracture Registry captures data collected from the 7 geographic Regions of the integrated health care system. The patients included in this report are from the 2 largest Regions covered by the Hip Fracture Registry-Northern and Southern California-with 33 Medical Centers and 474 participating surgeons.
Variables Characterizing Patients, Surgeries, Surgeons, and Hospitals
The Hip Fracture Registry has information related to the patient, procedure, surgeon, and hospital where the hip fracture was treated. Patient variables include age, sex, race, American Society of Anesthesiologists (ASA) score, 28 
Outcomes
The Hip Fracture Registry monitors 10 outcomes associated with hip fractures. These outcomes are length of stay (LOS), any readmissions within 30 and 90 days, pneumonia, pressure ulcers, dislocations, myocardial infarction, surgical site infections (deep and superficial), thromboembolic events (deep vein thrombosis [DVT] and pulmonary embolism [PE]), revisions, and mortality. Except for LOS and mortality, the outcomes were captured using ICD-9-CM diagnosis and procedure codes recorded into the EMR and administrative claims.
30, 31 The outcomes of revisions, surgical site infections, DVTs, and PEs were adjudicated by clinical content experts who reviewed the patient charts. The other outcomes were ascertained using only administrative and EMR data. 
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Revisions are defined as an operation that required any implant exchange after the primary hip fracture procedure. Revisions are tracked for the lifetime of the patient. Surgical site infections are adjudicated using the guidelines of the Centers for Disease Control and Prevention's National Healthcare Safety Network; they include superficial infections that occur within 30 days and deep infections that occur within 1 year after an implant procedure. 32 Death information was available for all patients (with possible delayed reporting) using data from the Social Security Administration updated with information recorded into the EMR.
Statistical Analysis
Descriptive statistics, including frequencies, proportions, means, standard deviations (SDs), medians, and interquartile ranges (IQRs), were computed using the software program SAS 9.2 (SAS Institute Inc, Cary, NC). Crude complication rates for all outcomes captured by the registry were provided as proportions of events, with the entire hip fracture population being included in the denominator. Revision density, which is the rate of revision per 100 years of observation, was also provided. Patients were considered lost to follow-up if they disenrolled from the integrated health care system or died during the study period.
RESULTS
Characteristics of Patients
Between 2009 and 2011, a total of 12,562 primary hip fractures were registered in the Hip Fracture Registry. The median age of the population was 82 (IQR = 73-87) years old, 68.6% were women, and 77.8% were white. See Table 1 for detailed population characteristics. Only 5.7% of the population had no comorbidities at the time of hip fracture, and most had multiple comorbidities ( Table 2 ). The most common comorbidities were hypertension (70.8%), deficiency anemia (29.4%), renal failure (25.2%), fluid and electrolyte disorders (22.0%), chronic pulmonary disease (21.4%), and peripheral vascular disease (20.0%). Table 3 presents the detailed fracture type and procedures for the population. The most prevalent fracture types were femoral neck fractures (43%) followed by closed intertrochanteric femoral neck fractures (36.0%). The most common procedures for hip fracture treatment were hemiarthroplasty (33.1%), open reduction of fracture with internal fixation (29.7%), and closed reduction of fracture with internal fixation (23.8%).
Outcomes after Hip Fractures
The median LOS at hospitals for patients with a hip fracture was 4 days (IQR = 3-6 days). Within 90 days of the primary hip fracture, 22.1% of patients were readmitted to the hospital and 12.3% died. The most common complication in this population was pneumonia (11.4%), followed by pressure ulcers (2.9%), and DVT (1.4%). Revisions occurred in 2.4% of patients (or 2.2 revisions/100 years of observation). The average follow-up duration for patients was 1.1 years (SD = 0.9), and 2.6% were lost to follow-up (Table 4) .
Participating Hospitals and Surgeons
Of the 12,562 hip fractures, 13.7% were treated by surgeons with joint arthroplasty fellowship training. The median number of hip fracture cases a surgeon treated yearly was 18 (IQR = 13-24), and most surgeons were considered medium volume (10 to 29 cases per year; 68.4%; Table 5 ). The median number of cases per hospital treated yearly was 167 (IQR = 114-219), and most of the cases were treated in high-volume hospitals (63.0%; Table 5 ). 
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DISCUSSION
A Hip Fracture Registry was established to capture detailed information on hip fractures treated surgically in the KP integrated health care system. The current registered cohort was treated by 474 surgeons across 33 hospitals. The population identified by this registry is similar to the populations captured in other hip fracture registries, but some important differences were identified. Operative practices and outcomes associated with procedures differ in certain instances from those previously reported in the literature.
Patients included in the registry were mostly women, elderly, white, and had multiple comorbid conditions. Women constituted 68.6% of the population, which is similar to the 70% figure reported by other registries 12, 18, [22] [23] [24] and agrees a Some percentages may not total to 100 because of rounding. ICD-9 = International Classification of Diseases, Ninth Revision; NOS = not otherwise specified.
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A Community-Based Hip Fracture Registry: Population, Methods, and Outcomes with the higher incidence of hip fractures in women around the world. 25 Of the registered patients, nearly 72% were age 75 years or older. This higher age is consistent with that of the population of hip fracture registries in Norway and the UK, 22, 24 but it is slightly younger than reported by arthroplasty registries. The Australian arthroplasty registry reported that in its bipolar hemiarthroplasty cohort at least 76% were age 75 years or older and 92% of its monoblock cohort was older than 75 years. This elderly population is consistent with the higher risk of hip fractures in older patients. 25 Racial and ethnicity data, which are available in our patient population (21.7% of the population is nonwhite), were not available in other hip fracture registries and are most likely not captured data elements because of their countries' homogenous populations. This adds value to future findings from the presented registry, which can contribute information regarding minority groups.
Finally, 65.9% of the patients had an ASA score greater than 3, indicating substantial systemic disease, which is similar to the rate reported by the UK registry between 2011 and 2013 (approximately 60%). 24 The proportion of patients with higher ASA score, however, was higher than reported by the Norwegian Hip Fracture Register (47%), 22 which could be because of their inclusion of younger patients in their registry. We also found a high number of comorbid conditions in our patient population; 92.7% had at least 1 comorbid condition, and conditions such as hypertension, deficiency anemias, renal failure, and fluid and electrolyte disorders were common at the time of the hip fracture hospitalization. Other registries did not report on specific comorbid conditions, but a high prevalence of comorbid conditions has been reported by studies using administrative data in the US.
2,33
The most common type of fractures in our population was intertrochanteric femoral neck fracture (36%, ICD-9-CM 820.21) and unspecified femoral neck fractures (31.6%, ICD-9-CM 820.8). Because the registry relies on ICD-9-CM codes for identifying type of fracture, it cannot determine with certainty whether cases with unspecified location fracture codes are intracapsular vs extracapsular, or displaced vs undisplaced fractures. It can, however, determine the main treatment groups from the combination of ICD-9-CM procedure codes and diagnoses. Racial and ethnicity data, … available in our patient population (21.7% are nonwhite), were not available in other hip fracture registries and … adds value … regarding minority groups.
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By our estimates, at least 43% (n = 5315) of our registered fractures are intracapsular fractures (2603 from diagnostic codes only and 2712 from the procedures and diagnoses combined), making this the most common type of fracture in our registry, which is in agreement with other registries where a traditional fracture classification is used. In Sweden, the UK, and Norway the reported prevalence of intracapsular fractures is 54%, 58%, and 63%, respectively.
The most common procedures used to treat fractures were internal fixation and hemiarthroplasty, in agreement with other registries' populations. Overall, 33.1% of the cases in our population were treated with hemiarthroplasty, which is slightly higher than the overall numbers of 25% reported by Sweden and 21% by Norway (no overall numbers available for the UK). [22] [23] [24] Hemiarthroplasty is the most common procedure used for treatment of intracapsular fractures in our population (93% had a hemiarthroplasty), and it is also the most commonly used procedure to address intracapsular fractures in other registries, although only for displaced intracapsular fractures (53% Norway, 63% Sweden, and 77.5% UK). [22] [23] [24] For the second most common fracture in our population, intertrochanteric femur neck fractures (36%), 96% were treated with internal fixation: 9% without fracture reduction, 35% with closed reduction, and 52% with open reduction. This again agrees with the reported internal fixation rate for these types of fracture in the UK, Sweden, and Norway (all > 95%). [22] [23] [24] Finally, the use of total hip arthroplasty for addressing hip fractures is infrequent (2.1%), and this rate agrees with the small proportions seen by other registries (range = 1.1%-5%).
Medium-and high-volume surgeons (89.7%) and hospitals (98.3%) treat the majority of the hip fractures in our population. This information is not available in the reports of other dedicated hip fracture registries. The proportion of patients treated in high volume (63%) hospitals is, however, similar to those reported by studies using Medicare data (approximately 60% consistently from 1991 to 2008). 5 Previous studies evaluating the outcomes of hip fracture treatment by hospital and surgeon volume suggest surgeon volume is an important factor when evaluating hip fracture outcomes, but hospital volume may not be as important. 5 Ten postoperative outcomes were available in the KP Hip Fracture Registry. Mortality, LOS, pressure ulcers, and repeated operations ("reoperations") are the common outcomes monitored by the dedicated fracture registries. The incidence of mortality in our population within 30 days was 6.2%; this is comparable to mortality in the Norwegian registry (only a 4-month estimate is available and is 14%) 22 and is slightly lower than in the UK registry (8%). 24 This is also consistent with contemporary estimates from the US Medicare population of 5% to 6%. 2, 34 The LOS in our cohort was much shorter (median = 4 days) than that reported by other registries (range = 11-16 days) 23, 24 but was similar to the LOS in the US Medicare hip fracture cohort. 2, 34 Differences in LOS are probably because of the overall health care system structure and hip fracture care practices in the various countries. Pressure ulcers occurred in 2.9% of our population, which is comparable to the 3.7% reported by the UK hip fracture registry. 24 Finally, the only reoperations monitored by our registry are subsequent revision procedures (defined as a surgery where one component is either removed and/or replaced for any reason) of the original hip fracture components, which we found occur at a rate of 2.2/100 years of observation (2.4% crude overall revision incidence). This rate is significantly lower than the 18% reoperation rate reported by the Norwegian Hip Fracture Register, probably because they track all subsequent reoperations and not just revisions. 22 Complications related to the hip fractures such as pneumonia, myocardial infarction, DVT, PE, dislocations, and surgical site infections also are monitored by this registry but not by others. These complications, except for pneumonia, were infrequent (< 1.4%), an incidence that is mostly consistent with reports from other large hip fracture cohorts. 33, [35] [36] [37] [38] [39] Pneumonia was the most common complication in our population (11.4%) and was higher than the 5% reported by a meta-analysis of clinical trials by Lawrence et al. 35 This higher incidence in our cohort could be caused by our use of administrative data to ascertain the cases without validating them with other records, which was probably done by the clinical trials included in the meta-analysis study. This report's main limitation is the reliance of its data source, the KP Hip Fracture Registry, on ICD-9-CM diagnostic and procedure codes to determine fracture location and procedures performed to address these fractures. Information on whether the fractures were displaced or nondisplaced was not available. Additionally, confirmation of whether they were located in the intracapsular or extracapsular area was not possible in all cases. The Hip Fracture Registry leverages the existing system's EMR and administrative data sources to capture all hip fractures in the system. This is done instead of relying on the surgeon to report, which would not achieve full capture of this population. The tradeoff for full case capture means the Hip Fracture Registry has limited fracture location 
A Community-Based Hip Fracture Registry: Population, Methods, and Outcomes information. In addition, procedure codes do not offer information on specific types of hemiarthroplasty procedures (bipolar or unipolar) or internal fixation (whether screws only, screws and plates, or intramedullary rods were used). However, this limitation is currently being addressed by the Hip Fracture Registry by implementing procedure classification on the basis of the collected implant information from the procedure. This work is under development, but we hope to include it in future reports on the registry's cohort. Other limitations were a lack of certain comorbidity information, such as osteoporosis and intestinal disorders, which were not captured by the validated comorbidity algorithm used by the registry. Additionally, this report was descriptive and did not evaluate relationships between specific variables and outcomes associated with hip fracture procedures. No inferences can be made regarding the outcomes and specific treatments presented in this report.
Our report strengths include the description of a fully captured hip fracture population in a large and diverse integrated health care system in the US. Using unique identifiers and the EMR, the Hip Fracture Registry captured the full spectrum of care delivered to these patients after surgery and prospectively monitored several outcomes associated with these events in addition to the traditional outcomes tracked by other studies and registries. Some of the outcomes monitored (ie, surgical site infection, DVT, PE, reoperation, and revision surgery) are also adjudicated using additional sources, which guarantees a high internal validity for these data elements. Additionally, because data for the Hip Fracture Registry are captured electronically, possible response bias introduced by relying on clinicians to report events and complete the required registry information was nonexistent. Finally, the population captured included cases from a large number of hospitals and surgeons with a wide variety of surgical experience, which is representative of the larger orthopedic community.
CONCLUSION
A community-based registry of hip fractures was used to identify a contemporaneous cohort of patients with hip fractures who were mostly women, elderly, and white, with substantial multimorbidity. The KP Hip Fracture Registry population was treated predominantly with internal fixations or hemiarthroplasty procedures, which were performed primarily in high-volume hospitals by medium-volume surgeons. The incidence of 30-day mortality, readmission, and pneumonia was high in this patient population, and the incidence of other monitored complications was relatively low.
Using a hip fracture registry to understand patients and procedures performed to treat hip fractures, as well as the possible complications and outcomes associated with these events, can give orthopedic clinicians a major advantage in planning for the care of these patients. v
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